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ON AFTER-IMAGES. 



Introduction. 

After-images were first described in the De Somniis by 
Aristotle, who regarded them as closely allied to the centrally 
excited images of the dream-state ; they were rediscovered and 
described anew by St. Augustine, and again by the Arab Al- 
hazan (a student of Aristotle's works) in the eleventh century. 
Peiresc, in describing these appearances in the seventeenth 
century, thought that he had discovered a new phenomenon. 
Among other prominent investigators to note and experiment 
with the images were Boyle, Newton, Buffon, Goethe, the elder 
Darwin and Fecliner. 

These vestiges of sensation owe their present interest in 
large measure to their seemingly twofold character, being al- 
lied both to sensation and to memory- and imagination-images. 

I To the earlier observers after-images were more nearly like 
the images of the imagination ; later, they were considered 

I almost a sensation ; whilst most recently the original position of 
Aristotle is again prominent.. In the history of after-images we 
seem to have an epitome of the interrelations of physics, physi- 
ology and psychology ; and probably no other single phenome- 
non is so good an example of the growth of experiment and 
measurement in psychology. 

The succeeding portions of the present monograph, apart 
from the bibliography, deal respectively with (i) an experi- 
mental analysis of the conditions affecting the production, the 
duration, the latent period, the space-relations, etc. , of the after- 
image, and with (2) a history of the phenomena and their rela- 
tion to sensation, to imagination and to memory. 

In the bibliography I have given references to what seem 
the most important contributions on the general subject of after- 
images. In Professor Koenig's excellent bibliography' of 
1 llelmholti, Handbuch Jer PhjiioIogUchec Optlk, ate Anfl. 
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vision will be found references to almost all the work on ] 
subject done previous to 1894. In the numbers of the . 
chological Index, and in the bibliographies in the Zci'isc/iM 
fiir Psychologic and in the UAnn^e Psychologique willl 
found references to current literature since 1893. 

The experiments to be subsequently described were I 
made in the psychological laboratory of Columbia UniversiB 
and as subjects eleven advanced students in psychology t 
part, viz., B, C. D, F, G, H, Ho, K, M. S and W. Otl 
subjects, too numerous to mention individually, chosen for th] 
nai'veU\ were used for check-experiments. To all I am grefJ 
indebted for their help and suggestions throughout the progrf 
of the research. 

The terminology used in the s 
lows: (i) Positive after-image is an 
image and its background bear the s 
the stimulus. (3) Negative image \i 
of intensity is reversed. Thus, if the stimulus is a red cross fl 
a black background, and the resultant after-image is project™ 
on a white wall, the image will be darker than the backgrounJ 
^nd accordingly negative ; if tlie image is projected on gray, . 
may be darker or lighter than the field and either negative c 
positive. In either case the image may be of the same color a 
the original or of a different color. Four different kinds ( 
images must then be distinguished, viz. : 

„, . < same-colored. 

Negative ' 



■ding portions is as i 
after-image in which ' 
ime intensity-relation a 
one in which the relati« 



Positive 



( same-colored. 
( other-colored. 



f other-colored. 



'Wundt's definitions, (i) that the image is positive when it i| 
of the same or greater intensity than the stimulus, and negativJ 
when it is of lesser intensity ;' and (2) that positive images ara 
same-colored and negative, are other-colored,* have not been 
accepted by the most recent and best writers. 



■GrundiUge der Ph^siologischc Psychologic, 4 Ed., I., 513. 
'Human and Animal 'PijchoUigy, Eng. Irani., p. 109. 
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Part I. Experimental. 

ISection I. Apparatus and Methods. — ^The apparatus 
Id throughout the series on threshold, latent period and dura- 
s that used by Fullerton and Cattell,' adapted by the 
Iter for the present purposes. The accompanying illustra- 
1 shows the instrument from the standpoint of the experi- 
fciter. 



t 



I The apparatus consists of a vertical screen (,5) with an 

lustable opening (Z^). of a long arm (yl) and of a screen 

■tdulum {P). At the opening (//) arrangements were made 

I inserting ground-glass plates for equalizing the illuminatioti 

i stimulus and for rapidly changing the areas. The long 

I {.-J ) carried a kerosene-lamp (Z.) (in the experiments upon 

Ration and latent period an electric arc lamp), the changes in 

pnsity being made by moving the source of light toward and 

1 the observer. On the pendulum {P) was a screen, which 

vPerceptJou of Small Difierercen.p. 135; Univeriiiy of Penntjrlvania PreM, 
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in its usual position, as the pendulum is held up by the electro- 
magnet {M), shuts off the light from the area to be illumined 
at i^H). When the pendulum is released, however, the light 
shines on the area for one second, and, returning, it is caught 
up by the electro-magnet. The key (A") was used to make 
and break a circuit to tlie electro-magnet i^M) for releasing and 
holding the pendulum. Before the upright screen {S) is a 
tachistoscope {not shown in tlie figure), with drop screens to 
give a light-stimulation of -^^^^ -j-oH' °'' iV second. The whole 
instrument was placed in a dark-room before a cabinet with an 
opening opposite (//). All experiments, unless otherwise noted 
hereafter, were made in a dark-room. The subject remained 
inside the dark-cabinet for from ten to fifteen minutes for adap- 
tation before any experiments were made. Then, with the eyes 
on a level with the stimulating light, the area was uncovered, 
covered again, and the subject reacted in the manner appropri- 
ate to the series of experiments. 

Section 2. The Threshold.' — Not every stimulus is fol- 
lowed by a sensation ; a sound may not have the requisite in- 
tensity ; the weight be not sufficiently heavy ; the light not large 
enough or long enough continued. In like manner minimal 
amounts of energy, time and space stimulation will fail to pro- 
duce an after-image. Some questions immediately suggested 
are : What intensity of light will produce the after-sensation? 
How large an area is necessary to get an after-image? How 
long must the stimulus last to leave its effect? Then, we 
may ask whether or not there is a relation between the varying 
changes in the light, whereby a small area may be counterbal- 
anced by a longer stimulation or by a greater intensity, and -uice 
versa. 

Time. — As noted above, three variables were used, viz., 
time, area and intensity. With a fixed area and intensity, 
what time must the light stimulate the eye to produce an after- 
image? The lamp placed at 35 cm. from the screen S, giving 
an intensity of ^ c.p., and the area 64 sq. mm., were used 



' Sec. % Is lorgelv reprinted' from 
ii\&\ P^chol. /?«.., II,. 130-136 (1896; 



1 article on The After-image Thrctb- 
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constants throughout this series. The time was varied from 
to I second. Two intermediate steps were used, yj-j^ and 

second. 

Adaptation completed, the subject sat in position, a stimulus 
was given, and the subject announced the appearance or non- 
appearance of an after-image. Usually thirty to forty minutes 
were taken for each day's experiments, the series being stopped 
before fatigue became apparent. For each subject the number 
of experiments upon each variation in time was one hundred. 
Where a greater or less number were made the small numbers 
in parentheses in the appropriate columns of the tables show 
how many tests of this kind were made. The experiments 
were all made with the eyes open, so as not to disturb the after- 
image. The subject's eyes were at the normal distance (about 
30 cm. ) from the stimulus ; his head was steadied by a support. 
Rests were taken between the separate experiments to allow any 
trace of the previous image to disappear, a signal was given, five 
seconds were allowed for preparation and the light was shown. 

The intensity of the light was very constant. The lamp was 
trimmed before the whole series of experiments ; and the photo- 
metric determinations made before, during and after a sitting 
showed only the variations likely to occur in any series with the 
photometer used (Bunsen's). A fixation-point could not be se- 
cured throughout the experiments. At first this was a some- 
what disturbing factor; but as the light used as a stimulus was 
so small and the after-image so indistinct, it was judged best 
not to have a fixation-point of light, owing to the confusion 
likely to result from mistaking it for an after-image. With 
practice, however, the observer learned to look for the stimulus 
in the proper direction ; and in the case of the writer in not over 
5 per cent, of the times was it necessary to focus the eyes con- 
sciously after any part of the light was seen. 

The following table shows the results of the experiments for 
time obtained from two obser\'ers, C, an advanced student of 
psychology, and F, the writer, upon whom the experiments 
were made by another worker familiar with the apparatus. 
The table shows on the first lines the percentages of times that 
after-images appeared. The results were also grouped in 



) 
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series of tens, and the variations of these groups were calcu 
lated. These variations are shown on the second lines, marke 
A. var. 

Table I. — Time. 



Time in sec. 


I 


iV 


TT^ 


1 


SabjecU. 


1000 


^ f Per cent. 
^' I A. var. 

,s« f Per cent. 
^' \ A. var. 


97 

3.5(70) 

100 


95 
7. 

97 

4.3 


75 
17 

82.5 
8.3(120) 


12 

10.8 

19 
7.4 


Average. 


99 


96 


79 


15.5 



As noted above, icx) experiments of each kind were made, ex 
cept where another figure is shown in parentheses. Thus, fo 
F, with the stimulus yiir second, 120 experiments were made 
while for C, using one second stimulation, only 70 trials wer 
made. 

The accompanying curve shows the results graphically — ^th 
abscissa denoting divisions of time, the ordinate the percentag 

of times after-images ap 
peared. Only the points fo 

rAnr* t^» ^^^ ^is second 
are shown. 

The shape of the curv 

indicates what might hav 

been expected in accord 

ance with the results of ex 

periments upon other time 

phenomena of vision. Wit] 

the shortest time after-im 

ages seldom appeared ; the; 

with a slight increase in th 

duration of the stimulu 

there was a rapid rise in th 

number of appearances, fol 

lowed by only a slight in 

crease for longer stimulation. The same character of curve i 

found in investigating the time it takes to see a light or a color 



100 1 



% 



60- 



60- 



^ 



20 




f\mm %. 



fSco 



100 



sec. 



¥ 



i .. ^■.. 
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When shown for a very short time the color can never be seen ; 
but as the time is slowly increased, it becomes very plain, but 
is seen no oftener and becomes no plainer if the time be further 
increased. In both cases (recognizing a color and seeing after- 
images) the stimulus at first is insufficient to make the sensation 
appear above the threshold of conscious experience. This 
threshold is then passed suddenly, and the stimulus soon reaches 
a point at which an after-image or the color (as the case may 
be) is always seen, unless numerous distractions of great in- 
tensity interfere. 

This effect of increase in the time of stimulation is quite in 
accord with the commonly accepted theory regarding the after- 
image : that the phenomenon, at least in its positive form, is 
due to inertia of the retina. From this point of view, the longer 
the light works upon the retina — the greater the amount of . 
energy used — the greater will be the effect on consciousness. i 

Area. — A corresponding, though not a proportionate, in- 
crease in the number of appearances was noted when the area 
was varied from ^ to 64 sq. mm. Six areas were used — 
squares of ^, %, i, 2, 4 and 8 mm. on each side. These were 
made on ground glass, opaque paper being glued over all but 
the small area wanted. The error in making the larger sizes 
was less than % mm., which amount is inappreciable in com- 
parison with the whole area. Difficulty was experienced in 
making the areas under i ram. ; but from numerous ones made 
the best were chosen. In those chosen the error was not more 
than -^ mm. The smallest areas were measured with a mag- 
nifj-ing-glass, and those were chosen in which the errors com- 
pensated each other. 

The intensity of the light was kept at ^ c. p., and the 
time of stimulation was one second. With these constant, an 
after-image was very seldom seen when the smallest area was 
used, while the largest square produced an image at all times. 
The same precautions that were observed in the experiments 
upon the effect of time-changes were taken in this series and in 
all the experiments that are described later. 

The following table and accompanying curve give the re- 
sults obtained. The figures in the table are as in Table I.: 



ijl9 



first are given the changes in stimulation, then the percent: 
of times the image was seen under these conditions and then 
average variations oi the experiments when grouped in set£ 
ten. The abscissa of the curve denotes the relative amount 
the stimulus ; the ordinate shows the percentage of times afl 
images were seen. 

Table II. — Area. 



Ate«la>q. mm. 
Snbjccti. 


«4 


16 


4 I * A 




^50) 


1.8 


7> S" »7 ao 

14-8 ia.4 9-» « 

^„ 57 31 8 
8.8 15 IS.4 8 


A»erage. 


.00 


93 


80 S4-5 »9 £14 




* sq.cni. 

Some preliminary' work in which a different standard of 
tensity was used — ^ candle power — shows the same effect 
area-increase. These experiments were made before the g 
eral line of work was fully planned. Seventy experime 
were made with each area, and the writer was the only subji 
The results, because of their confirmatory character, 
pended : 

Table III. — Area. 



ar^ 



i 



-••* 

1 
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A priori, one mighl not expect such an increase in the num- 
, ber of appearances to follow an increase in the size o£ the 
stimulus. For, with intensity and a time of stimulation constant, 
one might well say that the structure of the eye is such that 
only the number of stimulated elements, not the stimulation of 
the individual elements, changes with any increase in size of 
the physical stimulus. This is undoubtedly true, and the result 
is paralleled by the results of experiments upon the extensive 
threshold of vision. A color or a light cannot be seen when 
only a small area is present; but on increasing the size it is 
readily perceived. This may be analogous to the so-called 
' summation process,' or it may and probably can be resolved 
into a matter of the attention. As a matter of fact, the largest 
area may not produce any more after-images than the smallest. 
The apparent difference may be the result of inability of the 
smallest sensations to fix the attention. 

Intensity. — A similar series was made changing the inten- 
sity of illumination. The lamp was moved along the arm (^A) 
of the apparatus (see Fig, i) so as to give intensities varying 
from 5*5 to 55^ c.p. Three intermediate steps were chosen 
for convenience — g^j, j-J^ and ^J^ c.p. The amounts of 
energy in these experiments had an effect corresponding to 
what was found for the changes in the time and in the area of 
stimulation. The results obtained and a graphic representation 
follow : 

Table IV. — Intensity. 



Il]led(.iae.p. 


A 


A 


ik 


iJ. 


TlW 


c /Percent. 


— (So) 

ICO 


94 

7 
96 

5-4 


19.5(130) 


.7 

20.8(110) 

"3-S ("30) 


1.8 


Avenge. 


.oo 


95 


46 


*6 


IJ 



Two results in Tables I., II., III. and IV. should be noted: 
(i) tlie close correspondence of the observers, and (2J the 
comparatively large variation for the different individuals. The 
tirst of these observations is, I believe, of little significance. 
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The great variation, however, seems to point to a cons 
mental influence affecting the appearances. This will i 
be more clearly brought out in the discussion of the exp' 
upon the influences determining the duration of the aftei 




Summary. — Experiments were made upon four trail 
jects to find the amount of time-, area- and intensity- 
tion that would produce an after-image (conscious). 
found that to see an after-image 75 per cent, of the t 
eye is stimulated, it is necessary to have as stimulatior 
Y^ second and 64 sq. mm, surface of light, an int 
^ c. p. ; or {2) for one second exposure, an area of 4 
and an intensity of ^ c.p, ; or (3) for i second expo 
area of 64 sq. mm. and a light of ^^-^ c. p. 

The average results for the three series are indJcatt 
ioUowing curve, which gives a general view of the 
effects of the physical units. It will be seen that the e 
time, intensity and extensity-changes are varied. Thi 
that for physiological or mental processes the units of 
energy do not counterbalance. The compensating 
seems to be a rather complex one. In its simplest fom 
lation may be stated as follows: squaring the time equs 
ling the intensity' or quadrupling the area ; and -vice v 
ducing the area to one quarter equals halving the ints 
taking the square root of the time. 
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Based upon the well-kuowti phenomena of color-mixing by 
"y |i means of Maxwell's discs, the objection may be raised to these 
conclusions that lights of much less intensity produce after- 
images, inasmuch as colors fuse in any illumination. While this 
is true, it should not be forgotten, on the other hand, that the 
after-images producing the fusion are not consciously perceived 
as after-images. The usually low intensityof light in conjunc- 
tion with a short time of stimulation does not produce an after- 
image that can be consciously noted. Moreover, the overlap- 
pings of images and succeeding stimuli produce a total effect 
which lacks many of the distinctive features of the simple after- 
image. 




During the three series of over 3000 experiments only five 
times were negative after-images seen. These were noticed 
only with the largest area, the longest time and the greatest in- 
tensity, and always toward the close of an hour's session after 
the eyes had been stimulated forty or fifty times. This fact 
would seem to support the hypothesis that the negative after- 
image is due to eye-exhaustion. 



Section 3. The Latent Period. — That a light does not 
immediately produce an after-image is now well known. The 
observation seems to have been made first by Young,' in 1872, 

'C. A. Voung, Note on Recurrent Vision; Taylor's Pkilof. Mag., 4 Ser. 
XLIII., 343-34S. 1871. 
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who, i 



using a Holtz machine which gave a large s 



that if a single spark was made any conspicuous object 
darkened room was seen at least twice — with an interv 
trifle less than a quarter of a second — the first time i 
the second time faintly; often the object was seen a thi 
sometimes (but only with great difficulty) even a fourtl 
This interval between the sensation and the after-ima 
been called the latent period. 

Young's observation seems to have been quite forgot^ 
several 3'ears till the appearance of Bidwell's note on the . 
following an illumined vacuum tube.' Bidwell found thai 
Geissler tube be revolved at the rate of once in three seo 
the tube is followed at a distance of about forty degrees 
ghost-like image of the original. If the rotation stoppec 
ghost moved on, merging finally with the tube. The 1 
period in this case was about one-third of a second. Th 
servation was repeated upon about ten people, with apj 
mately the same results. 

Independent observers^ at the same time announced ^ 
tions in the experiment, and the suggestion was made th: 
intermittent appearance of lightning might be due to a si 
cause. The effect may be produced in a simple manner 
a match or a piece of glowing coal revolved by hand. 
ghost-image is seen to follow close after the stimulus, 
some experience even a pencil or a bright-colored book 
moved shows the phenomenon- 
Later and more exact measurements of the appearances 
been made by Bidwell,* Charpentier' and Hess.' Charpi 
repeated Bidwelt's observations and noted a second appea 
after the sensation, as Young and Bidwell had. This, he 
is easier to note in indirect than in direct vision. A simil; 
nagea Produced \>y a. Rotating V 



"S. Bidwell, On Certain Spectml Im 
Tube; Nalurn, XXXII., 30-31. i88j. 

'Davis, Laurin, Newall and others. 

*On the Recurrent Images following Visual Im 
LVL. 131-145. 1894. 

' R^idion oscillatoire de la ratine sous rinBueno 
Arch, rfe Pkyiiol. (Ser, 5). IV., 541-553. 1892, 

'Untersuchungen (Iber die nach kurzdauerndcr Reizung dea Seha 
Arciivf. dit gaammlt Physiol., XLIX., 190-308, 1 
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dilatory effect was found by Charpentier in using a black disc 
with a comparatively small white sector. Revolving the disc 
once every second or every two seconds, and fixating the center, 
the white sector was seen to be crossed in places by dark bands. 
These seem closely related to the disappearances and the reap- 
pearances of the after-image, but need more careful study in the 
light of Exner's work upon the progress of a visual sensadon. 

Bidwell's later work is largely a repetition of his earlier ob- 
gerv'ations, but using spectrum colors instead of the illuminated 
Geissler tube. A spectrum, revolving every i 1/2 seconds, was 
thrown on a screen and the ghost-image observed. The ghost 
followed the spectrum at a distance of about 50 degrees. The 
latent dme waso.2 second. It is interesting to note that Eidwell 
obser\'ed no image following red or violet light. The recurrent 
age of an illumined slit in an opaque disc was found to follow 
ter 0.15 second. Another disc, 15 cm. diameter, having two 
opposite radial slits 1/2 mm. wide, was then rotated one turn a 
second before illumined ground glass. As observed from a 
distance of i 1/2 meters, each slit seemed to give four and pos- 
sibly five luminous images arranged like the ribs of a fan. The 
usual blue recurrent image could also be seen following the 
images of tlie radial slits at an angle of 80 degrees. Through- 
out, the eye was fixed upon the center of the disc. This obser- 
vation is readily confirmed, but seems not to be understood. The 
fact that Bidwell speaks of the oscillations and the ghost sepa- 
rately seems to indicate that he did not believe they were similar 
in character. Even if we admit Charpentier's contention of an 
oscillatory process in the retina, which makes a white disc at 
any phase seem alternately dark and light, we could not admit 
it for tiie dark opaqXie disc of Bidwell nor for the after-image 
accompanying it. 

One fact seems to have escaped notice — at least it has not 
been recorded. In the simple experiment with a burning coal 
or with a Geissler tube the ghost follows the stimulus ; but, in 
addition, there is an after-image of the path taken by the light. 
In this image the oscillations described by Bidwell do not occur. 
None of the fiuctuadons usually apparent in the after-image are 
noted in this case, the image gradually fading away. 




Experiments of a different character have been n^ 
Hess. In his work moving objects were not used, mors 
illumination of a stationary stimulus talcing the place of; 
volving discs. A photographic shutter gave exposures ( 
to yj-p second. Hess discovered a negative after-ima 
very short duration following immediately upon the termii 
of the stimulus^/ This preceded what is commonly kno 
the positive after-image. 

The nature of the experiments in the present work is 
nearly related to the work of Hess than to that of Charp 
and Bidwell. A stationary light was used and the reactioi 
taken. As in the work on threshold, I endeavored to tin 
relative effects of varj'ing stimuli in the three respects 
tensity, time and area. The apparatus used was essei 
the same as that described in Section i. The kerosene 
however, was replaced by an arc light of about looo 
The intensities, as given to the subjects, were i, -^jj and ■ 
p. ; these were obtained as in the threshold-experiments, 
and 4 sq. cm. in squares 
lised as areas, and the ve 
times were yj-j, -^ and 
ond. As constants were 
•^^ c. p., I sq. cm. and 
Only one of the factor; 
varied at any one timi 
chronoscope was plac( 
series with a reaction ke 
the pendulum {/*) and thf 
tachistoscope- The ob; 
was instructed to react t 
stant the after-image appi 
and the time between th 
of the stimulus and the 1 
ning of the after-image 
thus be read direct fro 
chronoscope. 

The individual variation is quite large, owing to the r 
attitude of the subject, one reacting to the first approxir 
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ly Kjf an after-image, another waiting till he was certain that the 

(appearance was what he sought. Although his attitude was 

I constant with each individual, we shall not be able to compare 

_ I the subjects, and to group ihem for an average representing 

i, a typical result. So also the individual attitude toward the 

i' stimuli made other variations in the resuHs. To one the stimuli 

J of greatest intensity were too bright; at times another could 

scarcely get an after-image with the smallest area. 

Accompanying will be found tlie tables and curves for the av- 
erage results for time-, area- and intensity-experiments upon four 
subjects. Twenty experiments were made upon each variable. 
In the tables the average time between the stimulus and the 
first appearance of the after-image is first given, and this is fol- 
lowed by the average variations of the twenty experiments. 

Table V. 



Timb: coniU 


t), ^ CAndle power, 


I Bq. cm. 








B.I..,«,,n^eco«^ 


Awr. ' A. Var. 


Aver. ' 


A. Vw. 


Aver. 


°A.V«. 


B. 
D. 
G. 
W. 


1.61 
■71 


.19 
-13 


■P 

.61 

.46 


■35 
.14 


% 

■71 

.91 


■74 

'.1% 


Aver. 


90 


78 


1.01 





S. I. FRANZ. 



Arka : coniUnts, I ««., 


and Ac 


P- 








"?.&- 


% 

A«r. A. V4r. 


A»«. A. V«r. 


A«r. A. Vw. 


B. 
D. 
G. 

W. 


■ii 

.90 


■65 

■13 

■IS 


% 

■71 
.91 


■74 


■11 


.46 
.07 

.13 


Aver. 


■-39 


I.OI 


.90 


IsTBNSiTY : constanlE, 1 


Table VII. 

sec, and I sq. cm. 








^%t&^- 


Aver. 


A.V«r. 


Avet. 


A.V«. 


I 

Aw. 


A.Vw. 


B. 
D. 
G. 
W. 


'•39 

% 

■77 


■■3 


■7i 
.91 


■74 

.'18 
.30 


3-36 

-SI 


1.58 
-14 
-33 


Aver. 


.85 


..01 


1.4a 



250 




tftTEWTPEBISB. ^_^ 


,- — '^ 


lis 








1-75 
L50 


^ 


.^^'^ BTHiaso-re. 




1,25 
LOO 






& 


.75 


-— ' 





w 


■50 








r25 




nsiKE ® . 





Summary. — While the grouping and averaging of these 
diverse figures cannot be well justified, I have done so because, 
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in a general way. the figures of the averages seem to show 
what ordinarily would be expected. With the lesser times the 
eyes have not time to move and to get a sensation on many con- 
tiguous portions of the retina. According]}' when the time of 
stimulation is short the after-images are clearer and more easily 
recognized. The larger areas have the advantage of giving 
after-images of considerable size, which attract the attention 
sooner than the smaller ones ; while the great intensities seem 
to be so blinding in their eftect that the image is very hard to 
recognize. I append a cu^^■e showing the comparative effects 
of the variables, but with full knowledge that its meaning 
should not be taken as absolute, but only as an indication of the 
results that a much larger number of individuals may approxi- 
mate. 




In the existing theories explaining the phenomena no reason 
is noted for any variation in this latent period. It seems prob- 
able that an explanation must be looked for in the mental at- 
titude of the subject. Such an explanation would not only ac- 
count for the great individual differences, but would also 
account for the great variation of the same individual under 
precisely the same physical conditions. The subject G, who is 
distinctly visual, accustomed to note variations in color, etc., 
apparently recognized the image sooner than any of the others 
who were not so trained. This mental attitude will also ex- 
plain why the after-image of the largest areas was seen sooner 
than that of the smaller one. The attention in this case was 
probably attracted sooner to the large object. The conditions 
attending the changes in latent time for intensity- and time-ex- 
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periments are not so evident. In the intensity-experiments 1 
subjects B and G, for whom the i c. p. stimulus was too stron 
dominated thereby the totals. Considered in connection i 
the results of the experiments upon duration (Section 4),! 
seems likely that the attention is a predominant factor in \ 
measurements of the phenomena. 

This view is further strengthened if the average variation 
under the different conditions are considered. Usually thoa 
conditions which the subject considered favorable show 
least variation. Thus, B felt that the -j-J-j-second exposure wd 
too short a time for him to see the after-image, and the gred 
variation shows that there must have been some great disturl 
ing factors. The same occurred with both G and B undd 
stimulation of i. c. p., which was considered by both as 
strong. 

Section 4. Duration. — The earliest accounts of the dtt 
ration of after-images seem to be those given by Boyle and 1 
Newton. In his work on color, Boyle relates that a man wh( 
had looked through a telescope at the sun without a protectin 
medium had his eyesight so injured that thereafter wheni 
looked toward windows or other bright objects he fancied 1 
saw a globe of light about the size of the sun. This appearance? 
was a source of trouble to the man for nine or ten years. 

To Locke, who had called his attention to this interesting I 
observation, Newton wrote an account of a similar personal ex- 
perience. The letter, which contains further observations of I 
interest, is quoted fully :' 

" The observationB yo\i mention In Mr. Boole's book of colours, I once made 
upon mjself with the hazard of my eyes. The manner vrns this : I looked b 
verj- little while upon Ihe sun in a looking-glass with my right eye, ond then 
turned mi eyes into a dark corner of my chamber to observe the impresaioa 
made, and the circles of colours which encompassed it, aad how they decayed by 1 
degrees, and at lait vanished. This I repeated a second and a third time. At 
the third time, when the phantasm of light and colours about it were almott 
taniBhed, intending my fancy upon them to see their last appearances, I found, 
to my amazement, that they began to return, and by little and little ti 
as lively and vivid as when I had newly looked upon the Bun. But whea I 



'D. Brewiler, Memoirs of the Life of Sir I. Newton; Edinburgh, 1855, 
VeL L, p. 336 : 
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d to intent my fancy upon them thej- began to vanish again. Afler Ihis 
I found that as often as I went into the dark and intended tny lancj upon them, 
as when a man looks earnestly to see anything which is dilTicuit (o be seen, I 
coutd make the phantasni return without looking any more upon the »un ; and 
the oftener I tnade it return the more easily I could mate it return again. And 
at length, by repeating this without looking any more at the sun, I made such 
an Impreselon upon my eyes that, if 1 looked upon the cloudE. or a booh, or any 
light object, I saw upon it a round bright spot of light like the sun, and, which 
Is (till stranger, though / looked vpon lie sun wi/i my right eye only, and not 
■milk my left, ytt my fanry began la miilie an imfiressioa upon my left eye as welt 
at Upon my right. For if 1 shut my right eye, or iooked upon a book or the 
clouds v.'iik my left eye, I could see lie spectmm of tk* sun almost as plain as 
■milk my right tye, if I did but intend my fancy a little while upon it \ tor at first 
If I *hut my right eye and looked with my left, the spectrum of the sun did 
not appear till I intended my fancy upon it j but by repeating this appeared every 
time more eaty. And now in a few hours' time 1 had brought my eyes to such 
a pass that I coutd look upon no bright object with either eye, but I saw the sun 
before me, bo that I durst neither write nor read; but to recover the use of my 
eyes shut mysell up in my chamber made dark for three days together, and used 
alt means to divert my imagination from Ihe sun. For if I thought upon him 
I presently saw his picture, though I was in Ihe dark. But by keeping in the 
dark, and employing my mind about other things, I began In three or four days 
to have some use of my eyes again ; and by forl>earing to look upon bright objects 
recovered them pretty well, though not so well, but that, for some months after, 
the spectrum of the sun began to return as often as I began to meditate upon 
the phenomena, even though I lay in bed at midnight with my curtains drawn." 

Several interesting observations are here noted. The one of 
most importance seems to be that regarding the effect of imagi- 
nation and attention upon the after-image. This will be dis- 
cussed later; as will also the one regarding the transfer of the 
image from the right to the left eye. 

The philosopher Tetens, who seems in some way to have 
anticipated the modern idea of mental measurement, mentions 
that he had investigated the duration of the after-image. Only 
3 few words of description are given, and details were left for a 
future paper, no record of which I have been able to find. 

Some few records of the duration are to be found in Fech- 
ner's obser^'ation of the color-changes, but the material is so 
slight as to be of little value. 

Helmholtz notes that the duration and intensity of the stimu-. 
lating light affect the duration and character of the resultant 
after-image: "The greater the intensity of the primary light^i 
flie brighter is the positive after-image and the longer it con-' 



ao S. I. FRANZ. 

tinues."' *' Greater intensity of the primary light gives 
negative after-image greater clearness and duration.'" 

The most extended observ'ation of the changes occurring i 
connection with the duration of the phenomena seem to be ihoi 
by Titchener.' Used primarily for another purpose (see Sed 
don 8), the observations are of considerable value in this con 
nection, because they were made upon subjects naive as to tbi 
present problem. Dr. Titchener asked his subjects to i 
the duration of various after-images in a stimulated eyel 
These experiments, though few in number for the single ob- 
servers, show in general the same effect as the more extended 
series by myself. The conditions were as follows : The sub-J 
ject was placed before a screen with a variable sized openin|;J 
which was to be illumined by a lamp. The photometric determiJ 
nation of the light is not given. The area- and time-stimulatioij 
were changed and the records taken. The light used ^ 
made vari-colored by the use of gelatin plates ; white light waj 
not used. The following table of results with red lights wiUl 
illustrate the general tendency, and will act as a basis for com- J 
parison with the present work. In this table, which I have con- 
structed from the individual records as given by Titchener, will \ 
be found the averages of at least three observers for each series. 
The maximum number of experiments made under any con- ' 

Table VIII. 



J5 



■•9(n) 



' Handbuch der Phyiiol. Optlk, p. 503. 

• Ibid., p. 505. 

'E. B. Titchener. Uebcr binoculare Wirkiingen 
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dition by a subject was six, the minimum two. In paren- 
theses will be found the number of experiments used in making 
the averages. The other figures give, in seconds, the average 
total duration of the after-image. 

The individual variations from these averages are com- 
paratively large, although each individual's results are quite 
constant. The variability is about the same as was found in 
my experiments upon the effect of time-, area- and intensity- 
changes. 

The present series took its rise, however, largely from two 
incomplete minor studies made at the Columbia Psychological 
Laboratory, 1891-93. These investigations were begun by Mr. 
L. V.Southack and Miss E. G. Seebring, respectively; but the 
results and methods were unknown to the writer till after the 
present series was begun. The results, which have remained 
unpublished, I give in the appropriate place, with the corre- 
sponding present series. The method employed by both ex- 
perimenters was to use an incandescent lamp, enclosed in a 
long box, to illumine a ground-glass Greek cross in the front of 
the box. Each arm of the cross was one square centimeter. 
Variations in intensity were obtained by changing the position 
of the lamp, and variations in time of stimulation were meas- 
ured by means of a metronome. The results were written 
down by the observers after each experiment, the various fluc- 
■ tuations being noted as well as possible. 

The apparatus for the present series was about the same as 
that used in the work on latent period ; but for the chronoscope 
a kymograph was substituted. Upon this a continuous record 
of the after-image could be recorded. The time of stimulation 
was noted upon the drum, and the subject was instructed to close 
the key-circuit as soon as an after-image appeared, to keep it 
closed while the image lasted, and to break and make the circuit 
as quickly as possible when any changes in the character of the 
ter-image took place. When any change was noted by the 
(paking or the closing of the circuit the subject told the experi- 

inter its character, and this was indicated upon the kymo- 
Saph-record. In this way not only the total, but the actual 

e of duration, the fluctuadons and, to some extent, the latent 
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period could be determined. In this series the observation 
of the latent period were open to criticism owing to a slig^B 
degree of inaccuracy in recording the end of the stimulatinT 
light. Such an error was relatively large for the short times i 
the latent period, but was inappreciable for the comparative] 
long durations. As in the preceding work on threshold ; 
latent period, the three physical units of energy were varied 
A standard stimulus of i cm., -^^ c.p. and 5 seconds was chosed 
and the variables were ^, 1 and 4 sq. cm., yj-j, -^ and i c.p9 
and 1, 5 and 10 seconds. Itwas found impossible to record tl 
exact time of each fluctuation. The changes in the charad 
of the image are not clear-cut, but there is a fading of one cold 
into another. This could not be recorded as a distinctive cola 
change. Even the usually marked changes from the posidv 
to the negative phases were not always clear-cut. 

The following tables and curves give t\vo results : the tota 
time of the after-image — *. e., the time from the end of thj 

\ stimulus to the final disappearance of the after-image ; and t! 

/ actual time — i. f., the total time minus the period when unseei 
In the curves the total durations are denoted by the continuoaj 
lines, and the actual times bj' the broken lines, 

Time. — The constants in these experiments were an intensitj 
of -^ c.p. and an area of i sq. cm. 

Table IX. 
Total Dukatjon of Aftkr-ikaok. 



Subjtct*. 


Aver. A. Vk, No Hip 


5 

Avcr.A. Var.Mo.B«p. 


Aver.A-Var. No.a>^ 


K. 
H. 
F. 
M. 


% 

SO 


6 
»3 


10 


S6 
59 

77 


»4 
'5 
5 


ao 


t 

iJ 


.4 

a? 

3J 




Areragt. 


39-8 




50 


S6 




so 


SM 




W 
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Table X. 

Actual juration of Aftbr-imagb. 



Time of stimu- 
lation in seconds. 

Subjects. 


I 
Aver. A. Var. No. Bxp. 


5 
Aver. A. Var. No. Bxp. 


10 
Aver. A. Var. No. Bsci>. 


K. 
H. 
F. 
M. 


a6 
33 


4 

9 

2 

10 


20 
10 
10 
10 


^2 
38 

30 

54 


12 

5 
20 


20 
10 
10 
10 


40 
64 
29 

77 


9 

23 

3 
20 


20 
10 
10 
10 


Average. 


28.7 




50 


40.5 




so 


53.5 




SO 



DURATION 

too 




DURATION 
100 

sec 

60 



60 



^0 



to 



ARSA., 




neUREBO. 



I 



S(|.cin. 



I s sec. ro 

The corresponding series in Miss Seebring's experiments 
show the following results for the total time of duration : 

Table XI. 



Time of stimulation. 


3 
Aver. A Var. No. Sxp. 


15 
Aver. A. Var. No- Bxp. 


Avtr. A. Var. No. Bacp. 


First series. 
Second series. 


21 
33 


9 

4 


5 
5 


47 
43 


6 
6 


5 
5 


107 
lOI 


5 
7 


5 
5 


Averages. 


22 




10 


45 




10 


104 




10 



Full records of the fluctuations were taken only for the 
second series, and the actual time that the image was seen can 
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^^1 be given only for these experiments. The following tabl^| 
^^1 shows the relation between the total and the actual duration : H 

^1 Table XII. | 


^^1 TtneoTitlmiilBtlaa. 


ToUltline 
Aver. A. V«r. 


Actual Utne. 


.._■ 


^H 15 

^^H 60 sec. 


M.6 
I«1 


J: 

7- 


lag 


3-9 


J 


^^M In Titchener's results the same effect is noted. The varied 

^^P intensities and areas do not permit, however, of a direct com- 

^^P parison of the three series. But they have enough in common 

^H to show the rapid, but not proportionate, increase in duration 

^H due to the longer times of stimulation. 

^^ft Intensity. — With i sq. cm. and 5 seconds exposure as con- 

^^H stants. 

^1 Table XIII. 

^^1 Total Duration of Aftbr-imagb. 


^^H iBlcutt; In cp. 

^B 9l>b)Kt>. 


Akt. a . Vu. NO. Exp. 


Aver. A.VU. ND.Sip 


Aver. A.V«r.No.Sxp.B 


■ 


40 


1 


ao 


56 
59 
3» 


=4 

'5 
S 


10 


11 

SO 


19 

'9 
3 


^1 


^^H Avemge. 


3.^8 1 


■10 


49 




40 


68 1 


.1 


^B Table XIV. 1 
^^H Actual Duration of After-image. B 


^H mtouitTlocp. 
^B Bntjcct.. 


A»er. A. V«i- No. B«p. 


Av«. A.T.r.No.Brp. 


....^.^ 




38 

as 


6 

7 
3 


" 


+2 
30 


17 

5 


ao 


50 


.i 

3 


-1 


^^1 Average. 


h\ i 40 


36 




40 


55 




-1 


^^1 Using a cross with i sq. cm. arms and 15 seconds exposure,* 
^^H Mr. Southack found for himself and a second observer the 
^^m following results. The standard intensit>', 1, was a 100 c. p^ 
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incandescent lamp at a distance of 30 cm. from the ground- 
glass cross. The varying intensities were obtained in the 
usual manner. 

Table XV. 

Total Duration- of After-image. 



BelatlTc IntcDii- 

SubjKt.. 


„.±.£S. 


Av A. V«r." Eip. 


AT-A-Var.' Bxp. 


I 

Ko. 
At- a, Var.' Eiep. 


A. 
B. 


i.\u 


z 


10,6 
14.4 


3.. 


, 


la'i 


1-7 
1-9 


lO 


60.7 
16.4 


10.7 


To 



Area: constants, 5 sec. and ^ c. p. 



Table XVI. 
Total Duration of After-image. 



Area of Sttoaliu 
autyectB.' 


i 

ATCT.A.V«r.No.Eip. 


Aver. A. Var. No. Eip. 


Aver. A. Vu. No. Kxp. 


K. 

H. 

Ho. 

r. 


34 
•A 


15 

1 


10 


S6 
59 
H 

33 


"4 
'5 

4 
S 


5 


45 
44 


»4 

17 

'J 


ao 
5 


Average. 


38 




4S 


42.8 




4S 


57.8 




45 


Table XVII. 
Actual Duration of Aptkr-imagk. 


Areaofitimn- 


i 

Anr. A.TaT. No. Bsp. 


I 

AVCT. A.Var.No.Eii>. 


4 

Av«. A.Var.No.Sxp. 


K. 
H. 


31 


7 

3 

5 


5 


i 

3° 


17 
5 


10 
S 


58 
45 

37 
37 


9 


10 
5 


Avenige. 


» 




4S 


3" 




45 


45 




45 



The increase in duration for the greater intensities and the 
longer times of stimulation is easily explained on purely physio- 
logical grounds. In both cases more of the photo-chemical matter 

'The average variation of the averages when the experiments were grouped 
In KiB of five. This viae the only calculation left by Mr. Southack. The 
records of the individual experiments could not be found. 
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C.p. 






of the retina may be decomposed, and it takes the retina longer 
come to a state of equilibrium. The effect of the larger area 
however, cannot be explained by such a simple process. In 
latter case there is only an increase in the number of 
elements stimulated, and not a greater stimulation of any oi 
element. An explanation of the greater durations with th 
large areas must probably be looked for in another direction 
In the threshold experiments the same effect was noticed, an 
it was concluded that the cause was mental. In this cast 
when the after-image is fading, a small light is hard to notici 
and the large one, with its numerous points for the shifting ( 
the attention, is easy to keep in view. The different duratioi 
for the large and the small areas is, accordingly, only an aj 
parent one. 

The relative effects of the physical units are shown in the 
accompanying cur\'es, which are constructed from the averages 
of subjects H, K and F, The results from these three ob- 
servers only were used because a slight variation due to the 
fourth subject would disturb the common point of coincidence 
in the three series. Fig- 13 represents the results of actual time 
of the after-image, while Fig. 14 shows the results for the tc 
time. 

Such a simple relation as was found in the threshold e; 
periments between the units of physical energy seems not 
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Id here. This is not surprising when it is considered that the 
ger time that the image is in view gives greater opportunity 
outside influences to affect the process. 



7Wm% 18. 
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The constancy of the relation of the actual to the total 
Epration should be noted. The average proportion is 76: 
, while the variation for this is about 3. 
^lalily of Light .~r\i a spectrum projected on a wall is \ 
loked at for some time and an after-image obtained tlierefrom, 
twill be noticed, besides the qualitative differences, that the 
page of the central portion, the yellow and green parts, lasts 
slatively longer than that of the red or violet ends. This has 
Tietimes been considered as evidence that the central portion 
E the spectrum is of greater intensity than the ends. This 
Kypothesis seems at first sight to be the correct one ; but at times 
; not been sufficiently considered by investigators. 
Bidwell' notes that while the after-image obtained from the 
' Op. cit., p. 140. 
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whole spectrum was violet, he could get no after-image fri 
the red and the violet of the spectrum. This fact he attent] 
to explain without considering the intensity differences, and 
uses the observation to prove that the image is due to an t_- 
citation of the violet nerve-fibers only. However, the accura 
of Bidwell's observation has been questioned by Hess, w" 
found that an image was produced by red hghts whose wa 
length was less than 623 ^. 

Charpentier' found that the pcrstslance des tmpressii 
ritinnicnnes was affected by the quality of the light; 
though he believed the difference due to the differences in 
intensity of the stimuli rather than to the quality of the light, 
results were not reported in full. 

In his work with transmitted light, Titchener' used varit 
colored gelatins, which resulted generally in showing a !on| 
duration for yellow than for red light. In these experimei 
however, the relative intensities were not the same, and in tW 
connection little value attaches to the results. The resui 



d 



obtained by Titchener for effects of other colors — violet, gree 
etc. — are incomparable for the same reason. 

I have attempted to exclude the factor of illuminaticj 
differences by using gelatin films whose absorbent powers w 
known. The light was so arranged for each gelatin that i| 
intensity was equal for all. The following table shows t. 
results for stimulation of 5 seconds and an area of i sq. err 
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On 




V. 


B. 1 G. 


Y. 


0. 


R. 


ip- 


Duration in 
■econdi. 


34 


36 


30 


»4 


>7 


„ 


b 


A. Vir. 


6 


5 


3 


5 


7 


6 ^ 



r one 
* the 

[and 
»se. 
See, 



Ten determinations were made with each kind of light. 
the first line will be found the average duration under t 
various conditions; and below, the average variations for eal 
series of e.vperiments. It will be noticed that practically \ 

■ C. Rt»d. dt la Sot. dt Bio!.. Sit. 8, Vol. IV., p. 9S, 1B87, 

»Op. cit. 
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. and i 



ce is found to exist between the after-image-producing 

of any colors. The variations make an overlapping of 

'I?KaQes in such a way as to show that the slight differences 

- d at first in the table are only apparent. 
*Tk*. this connection it would be interesdng to test individuals 
: are partially or totally color-blind. Tests on such a class 
' *«3 probably be the only valid ones as indicating the part 
^^d by the quality and by the intensity of the light. 

'oris of the Retina. — Purkinje, Aubert and Exner have 

independently that light-sensations continued longer in the 

than on the periphery of the retina. These observations 

'e been disputed by more recent investigators, however. 

experiments, dealing only with the phenomenon of 

persistence, do not indicate what might be expected for 

ler similar phenomena, particularly the longer continua- 

■Ons, such as after-images. In view of the fact that we can 

clearly with the peripheral portions of the retina,' and 

■t these parts are more easily fatigued,' it seemed probable 

at the after-image would also be less distinct and would con- 

lue a shorter time. The supposition was proved correct by 

le results of the experiments. 

Each of seven points along the inner side of the right eye 

iVere stimulated with a stationary light, and the total and the 

ictual times of duration of the after-image were noted. As 

mulus, I used a small lamp with an intensitj- of about J^ c, p. 




Tabi^ XIX. 



Ansiilar diManee 



■Tot«l Aver. 
ftDumtlon A. Vsr. 
No. Exp. 



f Actual Aver. 
' Duration A. Var. 



' Sec Aubert, GrundzQge d. Phj'Biol, Optik. 1S76, p. 539 ft. 
•Ibid.,p, 545. 
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This was looked at for about 5 seconds, and the angular < 
tance subtended was about two degrees. The light was at t 
times at a constant distance from the eye (retina), viz., 30 cnl 
The table on page 29 shows the results of the experiment up 
each of the points, o^ being the fovea. 

Not only were there differences in the duration of the aft^^ 
image, but the fainter appearance of a sensation toward 
periphen,' was* duplicated in the after-images. No variations S 
color of the after-image corresponding to the different poi^ 
tested was apparent. 

This gradual, but finally absolute, lack of ability to disti 
guish an after-image is probably due to several factors. Aubij 
mentions that the periphery is more easily fatigued than 1 
fovea ; but he does not seem to consider that this may be pari 
mental and not entirely physiological. From observations mad 
during the progress of the experiments it seems likely that the i 
ability to attend to these things not in its immediate vicinity is t 
primary reason for the lack of images toward the periphen 
and for the long durations at the fovea. At 45° it was felt i 
times that an image might be present, but so indistinct that! 
was impossible to give any definite answer. In the table thei 
results are accordingly given as o ( ?), 

A similar but more extended set of experiments upon 
quality as well as the duration would be important for testin 
color theories, but this point of ^■iew was not considered till tbi 
present series had been finished. 

Indi'vidual Differences. — ^Throughout the foregoing pag^ 
one or more individuals have been cousidered as giving typici 
results. That this is not strictly true, however, has been fuUJ 
recognized ; and from the material at hand I have endeavor* 
to discover some of the individual conditions upon which ■ 
duration depends. The numerous difficulties in such a stud 
are evident: each individual is not the same at any two 1 
ments, and various distracting thoughts cannot be excluded. 

During the past few years there has been made at the Qo 
lumbia laboratory a series of mental and physical tests. Among^' 
these was one on after-images, in which the duration, the color^' 
etc., were noted. One great defect of these measurements is t 
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be iound in the fact that there were many experimenters instead 
of one. making methods of experimenting and of recording to 
some extent dissimilar. In general, however, the results are 
fairly comparable, and are as accurate as the method of correla- 
tion used in this case. The individual differences of recording 
had little influence upon the measurement of the total time ; but 
by some the actual time with the various fluctuations were not 
given at all. For this reason only the total time can be used as 
a basis for comparison. 

The stimulus was a cross, with arms i sq. cm., illumined by 
a loo c, p. incandescent lamp in a box. The lamp was 30 cm. 
from a plate of ground glass, which was used to make the cross 
of uniform brightness. The subject was seated in a semi-dark 
room, and no adaptation time was needed. The cross was 
shown for ten seconds and then shut off by a screen. The sub- 
jects, having closed and covered the eyes without pressing upon 
them, informed the experimenter of the various phases as they 
occurred, and these were recorded as well as possible. Gener- 
ally two trials were given, 

The tests chosen for comparison with the results of tlie after- 
image test were sharpness of vision, color-vision and imagina- 
tion-tj-pe. These were so chosen because they seemed closely 
allied to. or were thought to have an influence upon, the after- 
image. It would have been interesting to compare, in addition, 
visual and auditory memory, time of reaction to visual and to 
anditorj' stimuli, etc, ; but at that time such tests were not in- 
cluded in the anthropometric series. 

Sharpness of vision was tested with the Galton eyesight- 
tester. This is an instrument having at certain distances cards 
of numerals in diamond type which are to be read by the sub- 
ject, who looks through a hole in a screen. The type was 
illumined by a 100 c. p. incandescent lamp at a distance of one 
meter from the card, which was 37 cm, from the eyes. The 
normal distance for reading correctly eight or more out of ten 
Dumenils was for each eye 42—52 cm. 

Color-vision was tested witli spools of colored wools; but 
this, being only a rough-and-ready method of detecting color- 
blindness, did not show defects which did not amount to blind- 
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ness. Only six color-defectives were found, and their after*] 
images may be paralleled by numerous other observers whol 
were considered nearer normal. The results, accordingly, 4^ 
show no unusual variations. 

The imagination-type was discovered by means of Uie fo>K 
lowing series of questions, part of which are the classic ones C 
Galton : Think of your breakfast-table as you sat down to \ 
this morning ; call up the appearance of the table, the dishej 
and food upon it, the persons present, etc. Then write answei 
to the following questions : Are the outlines of the objects c 
tinct and sharp? Are the colors bright and natural? Where doej 
the image seem to be situated? In the head? Before the eyes? i 
a distance? How does the size of the image compare with t 
actual size of the scene? Can you call to mind better the fac^ 
or the voice of a friend? "When violin is suggested, do yffll 
first think of the appearance of the instrument or the sound) 
made when it is played? Can you call to mind natural sceneij 
so that it gives you pleasure? Music? The taste of fruit? Have 
you ever mistaken a hallucination for a perception ; c. g., appar- 
ently heard a voice or seen a figure when none was present? 

Of the subjects who answered the questionnaire, spjfc would 
be considered as of a distinct visual type, 4>^^ were distinctly 
auditory and jfi^'j^ would be considered of mixed type. 

For comparing these results with the duration of the afters 
image, only the simple method of correlation was used. Th<4 
results of the subjects that were considered as having hyperv 
normal, norma! or subnormal vision were grouped and the aver* 
age duration of the after-image was calculated ; a similar metho 
was used for the imagination-type correlation. This method i 
not above criticism ; but it is sufficiently accurate to show cer- 
tain tendencies and influences. The results for the accuracjij 
of vision in the right and left eyes, and for the type of imaginai 
tion, are summarized in the following tables. 

Objection may be made to this method of correlation, to th^ 
grouping the subjects and the use of one or, at most, two ex-' 
periments, as giving a typical value for the individual, TheJ 
objections would apply to all anthropometric series, and it hai 
weight only when one attempts to apply results to individualaJ 
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I only in considering an individual as of a class that the 
;ure3 have a value. 

Table XX. 



rinbteye. 


No. of 


Naof 
cxper. 


Av. durat. ofaftR- 


Ar'. 


.&K 


Subnormal. 

44-5a cm. 

normal. 

6.-SS cm. 

Hjper normal. 


37 
63 

35 


S7 
ga 
59 


16 

37 
37 




49 

37 
=5 



Tablb XXI. 



A..».«=,:^„, 


^^^ 


No. of 
eapcr. 


Av.dunt. ofBfler- 


^a'r. 


^E"sl^ 


1 aubnormal. 
1 44-51 
1 normal. 

r 6.-7J 

\ bj^ernormnl. 


37 
76 
26 


57 
106 
42 


3» 
34 
36 




16 
16 



Table XXII. 



Mtttoi Tn«. 


So. at 


No. of 
cxper. 


Av.dnnLoTalter- 
imacelo ■Ki- 


™. 


Femntagt of 


visual. 
Ml»ed. 
Audtle. 


77 

1 


"i 


ss 




36 



Probably the most interesting fact to be noted in the tables 
s not that the duration is longer for the visual type, or for the \ 
lan with strong eyes, but that in tliese classes the total number ' 
f times when no image was noticed is small compared with the 
[percentage for the audible tj'pe, or for those having weak eyes. 
Granting that these variations are true criteria of the differ- 
Iftnt classes, an explanation must be sought. It is easy to see why 
*n individual of a visual type might have an after-image of 
longer duration than one of an audile type. Accustomed, as he 
is, to note principally those phenomena which appeal to his 
eyes, practice enables him to select the visual stimuli and to at- 
i to these even if of little intensity. Accordingly, an after- 
mage in its final stages, when very dim, would be noted by 
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him ; whereas an auditory type of individual might oegl 
this minimal amount of sensation. A similar hypothesis would 
explain why audiles should see less images than visuals. Many 
of the images are undoubtedly of little intensity, and they would 
be unnoticed by those individuals unaccustomed to note small 
visual differences. This would reduce the differences to a 
question of the attention or of habit, rather than to'"a"physio- 
logical process ; and this explanation is in accord with what was 
noted above in the experiments upon the increase in the area (rf 
stimulation. 

In a similar series made upon a class of seven boys by Dr. 
F. B. Brandt this explanation is further confirmed. Using 
stimulation of i sq, cm, of the northern sky fixated for 
seconds at a distance of 30 cm., Dr. Brandt found that tbi 
boys who held the highest rank in school-work, those who 
learned to fix their attention, could see the after-image foi 
longer time than those who were dull and inattentive, 
^.-attention in this case may have been largely influenced by 
' interest,' but the general result and conclusions are the same. 
The 'bright' boy is he who is interested in each novel experi- 
ence ; is he who attends with all his might to what is immediately 
present. During the course of the experiments this view was 
clearly indicated by a study of the actions of the subjects. A 
and B had been intellectual rivals throughout their school- 
work, and when B found that A was having after-images c^ 
longer duration than he, his interest flagged and it was diffici 
to persuade him to continue. While there are some variatii 
in the relation between scholarship and the duration of the 
image, the results show that the three boj'S of excellent abi] 
very easily outrank the other four. The following table gi' 
the results of ten experiments upon each subject. 

In conjunction with the attention, imagination undoubtei 

L plays an important role in these phenomena. Miss Washbi 

1 has noted thatshe was able to control voluntarily the colors of 

after-image ;' and in addition she mentions that when she visu; 

ized a color and tried to force the after-image to take this qualil 



'M. F. Washburn, Subjec 
VII., 35-34. 1899. 
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' the image of the visualized color was brought on ( 
and ' held longer than usual,' Miss Washburn concludes, as 
I do above, that the image is largely influenced by the attention, 
and that perhaps the imagination is to be explained as the call- 
. ing the attention to any part of Uie image ; the color is there, 
but it remains unnoticed till we are prepared for it. In this way 
the after-image would also appear to be in view a longer time. 

Miscellaneous. — Besides tliese factors, other influences affect 
the duration of the phenomena. Helmholtz ' noted that if an 
electric current be sent through the eye and the optic nerve, 
the image is changed in character and the time of duration is 
(probably) shortened. This change is analogous to that oc- 
curring when the eye is stimulated with light while an image is 
in view. Exner ' found that the retinal circulation and pressure 
on the ball of the eye influenced the duration. Brewster' in 
1834 noted that a smart blow on the head would stop an image 
in its course. Similar results were obtained from my subjects, 
but sometimes the image would also seem of less intensity. 
In the morning, when the eyes were fresh, the image lasted 
about 30^ longer than in the evening or when fatigue was ap- 
parent. 

All these factors may be resolved into an influence of the 

attention on the one hand, or of the physiological process in the 

sense-organ on the other. Either explanation would suffice; 

Ij^ut it seems that both should be considered. In conjunction 

^1 ■Phj'slol. Opilk, 509. 

'Ueber die Funktionaweise d. Netzhautperlpherle und den Sltz der Nacb- 
Wlder; Archiv f. Ophtkal., XXXIi. (1), 233-151. 1886. 

' Accounts of Two Experiments on Accidental Colors ; Pkilet. Mag. , 3 Ser., 
rv.. May, 1834. 
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with the material of the foregoing paragraphs it seems 1 
that the mental element is very great — that is, the blow ouJ 
the head or the general fatigue, the pressure on the eyeball,^ 
etc., are influences inhibiting the focussing of the attentiottvl 
upon the after-image. Particularly is this the case when these T 
factors are brought in in an artificial manner that their effect maj 
be observed. Voluntary winking, where the attention must \ 
turned away from the sensation to the movement, shows ' 
same effect. 

When the stimulus was not attended to, when the subjq 
was distracted with a continued conversation, while all distrat 
ing influences ceased with the end of the stimulus, the duratid 
and the intensity of the after-image seemed not affected, 
however, distracting sensations, sounds and conversation wdj 
introduced during the progress of the after-image the attentici 
was distracted sufficiently to cause an apparent shortening ] 
the duration of the after-image by about 40%. 

Summary . — The after-image, particularly in its duradon, | 
affected by many mental and physical conditions. The mq 
influential of these seems to be the mental attitude of the sid 
J ject. If he looks intently for the after-image, if he is accuj 
tomed to note visual changes, the image will apparently remai 
longer than if his attitude is more motor or auditory, 
the attention is directed in its greatest intensity to the aftei 
image, either from habit, because one is visual- minded, 
voluntarily, tiie duration is about one-third longer than whffl 
the attention is not so directed. Various physical conditions- 
€. g., having the image on the periphery of the retina, physiq 
fatigue, etc., which give similar results — may also be coq 
sidered in this class. Of the physical light-changes, the moj 
influential seems to be the time of stimulation. This con 
spends to what was found in the experiments on the threshofl 
and latent period. The area- and intensity-changes also haiq 
effects similar to what was found in the experiments upon thresH 
old and latent period; but no general relation of these effed 
seems to be discovered. Figures 13 and 14 show composites c 
the average results from Tables IX.— XVII., and from them tha 
relative effects of the physical units may be noted. Contrary tl 
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E generally accepted view, variations in quality (color) aeem 
have little effect unless there is, as usual, a change in 
tensity. 

Section 5. FLUCTUATior/s. — In all discussions of the after- 
nage one of the questions that has been largely neglected is 
jiat regarding the fluctuations from positive to negative, its 
Jis appearances and reappearances. Immediately upon the close 
E the stimulus an after-image due to the continuation of the 
^ht is seen. A vacant period (the latent time, see Sec. 3) fol- 
ws, and then an image which in turn fades away into another 
lolor or disappears and reappears several limes. This fluctu- 
ition was noted by R. W. Darwin,' and has been variously as- 
ribed to many physiological causes connected with the sense- 
gan — to eye-movements, to winking, to pressure on retina, 
During the progress of the present work I endeavored to 
Crte the various effects of these conditions. Most of the experi- 
Bents were made in a dark-room, and the imagewas looked for 
Hth eyes open. Pressure on the eyeball was thus prevented, 
tut the fluctuations continued. Winking, if unconsciously done, 
disturbed the image momentarily, but had no lasting effect. 
However, if consciously done (/. c, when the attention was di- 
rected away from the after-image to the movements of the eye- 
lids), the image seemed lost for an appreciable time. TheJ 
numerous involuntary eye-movements could not be controlled.' 
The eyes tended lo Jolhiv the image, which would remain in 
view while these movements were not inhibited. If consciously 

I evented, if the eyes were brought back to what appeared to 
! their normal position, if the eyes were consciously rotated 
[lile the phenomena lasted, the image would disappear, only to 
Rppear if consciously brought back — /. c, if the attention 
IS again directed to the organ of sensation rather than to the 
Dvements of this organ. From these observations of my sub- 
jects and myself I am inclined to believe many of the fluctua- 
tions are mental in character, just as we have seen the<duration 
to be largely a mental matter. In other words, the various 

* R. W. Darwin, New Experiments upon tlie Ocular Spectra of Light nnd 
iColouTi; Pkil. Tram., LXXVI., 313-348, 17S6. 
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phases are influenced more by the mental attitude of the sul^ 
than by the physiological condition of the retina. 

Helmholtz noted that violent movements of the 
changed the character of the after-image from positive to negit- 
tive,' and that an electric current sent through the optip; 
nerve changed the intensitj' of the after-image present.' Th 
may also be seen to agree with the attention hypothesis. 

In some respects the fluctuations of the image arising froi 
stationary stimuli are analogous to those noted by BidweU^ 
and by Charpentier.* However, the images noted by these in? 
vestigators were so complex that it seems uncertain whethei 
we are dealing with the same phenomena. The Bidwell recu] 
rent images are explained satisfactorily upon physiologic 
grounds; but in repeating the experiments I was led to belien 
that at least the brightness of the various bands was due in lai 
measure to the fivntinr^ -rf [hp ptt^j]tir^n 

The changes in the physical stimuli seemed to have ' 
effect in the present case. The after-images when they lastec 
longer did not have more fluctuations, but the various phasi 
remained for longer times. Such a great variation in the nuoj 
her and in the character of the fluctuations was noted that \ 
seemed impossible that any general relation held true. 
posed to these results, however, are observations by Helmhold 
and by Miss Washburn." Helmholtz noted that the duratitif 
of the stimulus had an influence upon the negative as well ; 
upon the positive phases; but he only makes this general stato 
ment without further detail . Miss Washburn also observed v 
ations in the fluctuations due to intensity-changes of the stimulu 



Section 6. Qi-ialitative Changes. — As one of the i 
difficult and most striking of the phenomena to be explained 
the color-change.'! of the after-image have attracted a gread 
amount of attention. But throughout the various accounts oS 
the color-changes it seems to have been assumed that the ed 
perimenter was normal, and what occurred in his eyes would ^ 



'Physiol. Optilt, p. 504. 

»Ibid. 

»0p. cit. 



•Op. clt. 

'Op. cit., p. 505. 

•Op. cit., p. 37. 
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occur to another, if he saw the same light. This 
belief has led in some measure, I fancy, to the disagreements 
regarding the phenomena. The individual element seems not 
to have been considered by any one. In the experiments noted 
in Section 4 it was found that the various observers differed 
greatly in their account of the color-changes ; and, moreover, 
individual did not always see the same colored after- 
nage when stimulated with the same light. At one time, all 
the images would be seen as light alone, at another, they ap- 
peared gray or reddish. This change appeared with all my sub- 
jects. The difference was also noted by R. W. Darwin," who 
considered the changes as due to his making too many experi- 
ments at one time, his eye being ' not quite free from the 
spectra of the colours previously attended to.' The difference 
of individuals is naively noted by Miss Washburn in her recent 
paper. In this paper she says her subjects had to be drilled to 
see a normal image (/. e., like her own).' 

kFrom the after-image experiments in the series of anthro- 
)metric tests (see Sec. 4), it was found that "the after-image, 
hen first seen, was sometimes positive and sometimes, nega- 
re : and the colors varied greatly, being distributed in the first 
ace as follows : negative or dark, y^f> ; light or white, 29.4 ; 
uiue, 13.7 ; purple, 9.8 ; green, 5.9; yellow, 3.9; red, 2.0 ; 
miscellaneous, 2,0."* 

Various trials were made of physical conditions to discover 
whether or not the change was due to these ; but for the condi- 
tions tested (position of eyes in relation to light, accommodation, 
adaptation, changes in intensity, duration and area of stimulus), 
nothing detinite was discovered. 

Fechner found that various durations of the stimulus gave 
different colored after-images, but I found no such definite 
relation with the comparatively long times used by me. The 
change in quality of the after-image under any one condition — 
■ «. £*., 5 seconds — seemed as great as that observed between 5 
»Qds and I second stimulation. The only uniform change 
'Op. cii. 
*Op. ct., p. a?. 

* CattElI and Fnirand, Phjiical and Mental Meaturementi of Ihe Students of 
telumbla l/niversit/; Piyckg.. Rtv., HI., 618-648, 1896. See espccUlly p. 645. 
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noted was that with the greater intensities and the longer s 
ulations the after-image appeared oftener as negative. With 
medium intensities such as I used this result is almost never 
noted ; but the change is clearly brought out in the results of 
the experiments upon threshold (where only \ of ijfc were nega- 
tive) compared with the results upon duration (where fully 8oJI 
of the images had negative phases). 

The quality (or intensity) of the image was changed I 
Helmholtz by sending an electric current through the eye. " 
one has developed in the eye a negative after-image and thei 
sends an electric current through the eye and the optic nerve, 
• " • the negative after-image becomes darker, and if ai 
image is just on the borderland between positive and negative 
it can be made negative by sending a current through the eye." 
This change is somewhat analogous to what occurs when ai 
after-image is produced and external light is then admitted b 
the eye. 

I can attempt no explanation for these individual differences 
The suggestion has been made that the differences may be du 
to a varied sensitiveness of the retina to light-waves of differei] 
lengths. Such an explanation seems, however, too hypothetica 
when one considers the great differences. One subject i 
the after-image always as green ; to another it was always red 
a third it varied in the white-black series. The explanation 
I could not be stretched in any case to cover the change in an in 
dividual under practically the same conditions. The importano 
of these differences for theories of color-vision will readily b 
recognized. If later experiments are made, a most carefu 
study of each subject's color-vision should also be made. 

The control of the color of the after-image should again b< 
noted. Miss Washburn attempted to control the color-changea 
but concludes that the control is not real, but apparent. In he 
case the attention intensified certain colors that were present 
but which would be unnodced under ordinary circumstances 
Such an explanation of the effects of attention probably couh 
not be made to include the variation of one individual from 
another. The problem needs more detailed and careful study, 

• Op. cit., p. 509. 
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An attempt to change voluntarily the character of the after- 
image from positive to negative has been uniformly unsuccess- 
ful in my own case ; Miss Washburn seems to indicate that this 
(Fas done by all her subjects, and it may be that being a poor 
bualizer accounts for my inability. 
s, 
Kdi 
gina 
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Section 7, SPACE-RELATiONs.-^nks characterization of 
{be difference between after-images ^d lie images of the 
>sgination, Fechner considers as one of tire greatest differentia 
the spatial character of the phenomena. The after-image is, 
according to him, of two dimensions only, while the images of 
the imagination are tridimensional. This statement has not 
often been disputed, but there seems little truth in it as a state- 
ment of universal fact. Professor Hyslop found that if a 
"picture hanging obliquely on the wall, say thirty degrees, 
more or less, and I look at it while lying on a bed or lounge 
and then look at the wall vertically near me,* ' * I notice that the 
after-image does riol lie in the -plane of the -wall, but in the same 
position relatively to the plane of vision as in its real position."^ 
^^Jn other words, we have here a case where the after-image 
^^^Ha distinctly opposed in character to what Fechner said we 

^^H In view of these contradictory statements, it seemed advia- 

^^^ble to test the matter more thoroughly, using several subjects. 

^^H. few simple experiments were devised for the purpose. The 

subjects, naive as to the purpose of the experiment, were asked to 

gaze fixedly for fifteen seconds at one corner of a highly colored 

rectangular block, and to project the resultant after-image 

a white wall about four meters distant. Note was to be 

ide of size, color, etc., but no suggestion was given regard- 

ihe tridimensional character. Throughout the experiments 

eyes were open. A brightly lacquered round resonator, 

brightly colored books placed like a V with the apex turned 

from the subject, and two incandescent lamps placed atdif- 

;nt distances from the eyes, were also used as stimuli. Some 

observations with the various stimuli are as follows : 



'J. H. Hyslop, Experlmenu in Space Perceplion ; PiyckoL Rtv., 
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" Projected from the wall, but not distinctly." 

" Seemed to stand back. Solid." 

" Some suggestion of soliditVi but no definite outline." 

"Perhaps (?) solid," 

" Vague feeling of projection from wall." 

Most of the results, however, seem negative. With closed 
eyes, on the other hand, the image became more nearly like 
the imagination-images; and while there was a feeling of in- 
security, the images acquired the tridimensional character of the 
mental products. This may be due (in some cases it was due) 
to the superposition or to the strengthening of the after-image 
by the imagination-image. Here we must also consider the 
effects of the attention. We ordinarily see what we wish to 
see, and the numerous questions regarding the space-relations 
may have tended to suggest to the subjects the answer sought 
With some subjects, however, no amount of experiments 
suggestions could get them to say anything beyond that 
image seemed ^almost solid.' 

If my own attitude is to be considered typical, I should saj 
that the image appears at first distinct only in outline. The dii 
ferences of light and shade which we note in the original sol 
object do not appear in the after-image till we look for thei 
and then it is difficult to say whether the differences ai 
really due to the imagination or whether tliey are in the aft« 
image. The time it took many of my subjects to note 
third dimensions would indicate that this space-character wi 
' read into ' the sensation rather than given.' This much, hoi 
ever, seems clear, that if there is any appearance of solidil 
connected with the after-image, it is not nearly so evident as 
is in sensation or in imagination. The fact that the image 
projected by us into space, and is there localized, leads one t< 
believe that the idea of depth is not wholly wanting in the ordi 
nary after-image. This would seem to class the phenomei 
rather as perceptions than as sensations. 



1 



> Professor H vslop advises me thut almoet Ecventy-five per cent, of the %\ 
dents in hia introductory doEses fail to perceive at once the third dimensioa ln-1 
•tcreoKopic pictures. Manj> succeed kfter the suggestion has l>een given, but 1 
■ome fail to obtain the usuai result even after man; experiments. 
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Stereoscopic experiments, in which the sensation was one of 
■solidity'-, gave no indication of apparent solidity in the resultant 
1 after-image. 

The size of the image, as is well known, apparently in- j 
r creases or decreases if we look respectively at a far or at a near 
object. This apparent change in size is due to the fact that a~^ 
certain portion of the retina is concerned with the seeing of 
any after-image, and the amount of space subtended by this 1 
portion of the eye increases as the square of the distance of the || 
wall or screen. When projected on the same screen the size 
of the after-image from any light is approximately constant 
for all observers ; the few variations noted are probably due to 
hasty judgments or poor observations. It may be that the mov- 
ing of the eyes during the stimulus produced in these cases a 
larger image, more of the retinal elements having been stimu- 
lated. A curious fact in connection with the apparent change in 
size is that if a long image is projected upon a receding wall I | 
one end is seen wider than the other. A more wonderful and 
more puzzling phenomenon is mentioned by James. If an 
after-image is projected on a flat surface ' resembling a re- 
ceding screen,' the image takes on the form it would have if 
seen under similar actual conditions just noted. Such a result- 
points strongly to mental influences, which we have seen 
are important factors in all conditions of the after-image, viz., 
attention and imagination. The experiment makes it evident 
that the phenomena are closely related to the imagination and 
to perceptual processes. The experiment was repeated by 
several of the subjects, but at first all united in affirming no 
such change. The suggestion made, however, to one in- 
dividual gave the effect. It is impossible to tell from James' 
[Zeinark whether the observation is original with him or whether 
t is quoted. 

To discuss the apparent size of the after-image seen when 

^e eyes are closed leads one into all the difficulties that have 

illowed the discussion of the moon's size. It is interesting 

I note, however, that when asked the size of the image result- 

bgfrom a cross with arms one decimeter square as viewed at a 

nistance of three meters the average of the sizes noted by 
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observers was 7.5 cm. and the image was said to be about! 
1.87 m. from the eyes. The variation is large and the individ- \ 
ual answers show characteristics of the several observers. ThftJ 
subject might repay fuller and more extended observation. 

Section 8. The Retinal Transfer of the After-J 
IMAGE. — One of the questions of considerable interest raised byB 
Newton in his letter to Locke was that regarding the transfer o 
an image from the stimulated to the unstimulated eye. "Thougli] 
I looked witli my right eye only" (at the sun), he saj's, 
not with my left, yet my fancy began to make an impressioi 
upon my left eye as well as upon my right. " • • With my Id 
eye I could see the spectrum or the sun almost as plain as ? 
my right." 

Brewster ' independently noticed the phenomenon, and it tiai 
been discussed fully by many observers, notably by Helmholtz 
Fechner, Charpentier and Titchener. A complete discussion c 
previous views will be found in Titchener's' article, and only i 
brief resum^ of the general views need here be given. 

It will readily be seen that the transfer may be explained i 
any of the folIowHng ways : (i) The appearance is an extensioi 
of the well-known phenomena of binocular contrast. (2) Thenj 
is a functional connection between the retinae, whereby one i 
affected by what affects the other. (3) The after-image has itj 
seat in the brain, and not in the retina. (^) The transfer i 
only apparent. 

Fechner" and Helmholtz' are the sponsors of the first theory 
The former stimulated one eye with a bright-colored light, an^ 
the other was darkened or stimulated with a very weak gral 
light. According to him, the unstimulated eye saw the con( 
trasted color during the continuation of the stimulus, and I 
left its effect (a true after-image, apparently) in this eye. id 
other words, the after-image was not transferred, but the on 

'Article on Accidenlal Colours, In Edinburgh Encyclopedia. 

'E. B. Titchener, Ucber binocolorc Wirkungea monocular Relic; Pktlo» 

' 5rtrf.. Via. 131-3'°. >*>3. 

• Fechner, G. Th., Ueber einige Verhaltnisse des binoculuren Sehens ; <4AA^ 
d. i. Sack, Ga. d. Win., VU., 4S1, 1660. 
•Op. cit. 



ON AFTER-IMAGES. 45 

wite nerve-fibers of the unstimulated eye were excited during 
; progress of the sensation, whence an after-image was pro- 
This explanation, accordingly, is only a different form 
of the next theory. 

In support of the co-excitation hypothesis many other 
^^physiological phenomena may be cited. The most evident of 
^Btiiese are the facts that both eyes are used as a single instru- 
^^Htent; that they are moved together; and that if one eye is in 
^^Hie dark while the other is in light, the iris of the former will 
^^BKpand as the iris of the latter does. Similar other points indi- 
^HEate that the two eyes are controlled as one. Charpentier* is the 
^^Tnain exponent of this theory; but his experiments upon the 
varied sensitiveness of the two eyes do not seem to have been 
well chosen or conclusive. 

Parinaud,' Ebbinghaus ^ and Binet * are supporters of the third 
Explanation. Almost the same experiments that convinced 
rechner and Charpentier were used by them in making the 
tew hypothesis. It is taken for granted that the image is seen 
ty the eye that is open, and to them the only satisfactory ex- 
jAanation is that the image lies in the cerebral center of vision, 
ind not in the retina. 

While accepting the same general point of view, Titchener 

|ltroduces a new series of experiments to prove that the transfer 

■ real, and is not an apparent one. The experiments included 

ttlservations upon( 1 ) the relative duration in the stimulated and in 

be non-stimulated eye ; (2) the variations in the fluctuations; (3) 

; color-changes, and (4) the differences in brightness. The 

RBults of these experiments by Titchener are summed up as fol- 

(1) The image in the non-stimulated eye lasts a shorter 

me than in the stimulated eye. (2) The relative time which 

he two phases of the secondary (/. e., in the non-stimulated 

eye) image take is in no way similar in the primary eye. 

(3) The phenomenon occurs also under conditions when a mix- 

' Charpentier, A., La lumiire et le» couleurs, Paria, 1888, Sur tei conaes- 
Ions functioiinelles des deux r^tinet. C. Riad. de la Sac. de Biol., 8 Ser., H., 
364, 1885. 

• C. Rund. dt la Sac. de Biol., 13 May, 1882. 
*Arekiv/. diigisammU Physiol.. XLVI., 498. iSgi. 

* La Psychologic du raUonnement. Paris, 1886, p. ^s 1- 
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ture of both fields of vision is made impossible. (4) There is 
a constanl difference in brightness between the negative comple- 
mentary images in the two eyes. (5) Experiments upon a 
monocularly color-blind person gave evidence of the second 
image. 

On the other side of the question we find Delabarre. To 
him the secondary after-image is an illusion ; the transfer is only 
apparent. Considering the experiments made by Parinaud and j 
Binet, he says: "A serious difHcultj' in settling the questioi 
lies in the well-known impossibility of separating the visual 
fields of the two eyes. Whether one eye or both are open d 
whether they are focussed on the same point or are held paP- 
allel, or squinted, or even jammed into all sorts of relative posi 
tions by fingers inserted into their sockets, the field of each wilH 
appear to coincide with the field of the corresponding portion 
the retina of the other. If an after-image be found in both to> 
gether, one image only will be seen whatever their retativQ 
positions ; and if the image be found on one alone, it will yet b 
seen in the corresponding portion of the field of the other, pr< 
vided that the brilliancy of the second field be not so great as t 
obscure the much weaker sensation of the image. In reality 
in this experiment the after-image never does appear on the le 
field until the last eye has so greatly darkened as to allow it t 
be seen; and in the periodical increases in brilHancj' of the le 
field the image disappears. It will thus be seen that a retin^ 
seat of the after-image explains all the facts as easily as does g 
centra] seat. Hence the assumption of the latter by M. Binel 
and others is entirely superfluous • • • not merely supei 
f]uous, but impossible."' 

The results of five experiments tend to strengthen this posi-d 
tion : (i) There is a difference in brightness of the imagt| 
when the stimulated eye is open or shut, (2) With an image in 
the right eye, open it and the image is clearly seen ; open the lefl 
eye with the right closed, and the image is blotted out. Suci 
an effect is probably due to binocular mixture. (3) With boti 
eyes open, the image being in the right, place a pencil > 



■Delabarre, E. B., On the Seat of Optical Aftei-Images 
ftyrf., IL, 336-3J8. 1889. 
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wmilar object before the left; no change in the image occurs. 
Place an obstruction before the right, and the image disappears 
temporarily or permanently. {4) Obtain a strong image with 
the right eye ; if projected on a white surface, it appears lif^t 
green. If both eyes are covered tightly, so that no light gets in, 
the image is dark green. If the eyes are closed, but not 
covered, and light gets in, the image is rose-colored. Now 
••obtain an image with the right eye, then close and cover it 
and open the left eye. Now the left tield darkens and the dark- 
green after-image appears ; this gives place to the rose-colored 
image if the covering is removed from the right eye, and the 
eye kept closed ; and this in turn to the light green if the right 
eye is opened. These three colors can be made to succeed 
one another indefinitely without in any way interfering with the 
open left eye, which, alone, according to M. Binet, is the 
source of all the visual impressions present." (5) In retinal 
rivalry, on obtaining an image with tlie right eye, look with 
both eyes through colored glasses at a background. When the 
color seen with the right eye is predominant the image is seen; 
when the color seen with the left eye is predominant no image is 
apparent. 

Professor Titchener's experiments, like Binet's.'may also be 
explained by considering the image a peripheral as well as a 
central event. The variation in brightness is explained from 
the peripheral point of view, to my satisfaction, by Delabarre'a 
considerations. The apparent difference in the duration of the 
image is readily understood when one learns that pressure of any 
sort on the eye will disturb the image. The mere closing of 
the eyelid would suffice for this. When Titchener speaks of 
the occurrence of the phenomena even under ' conditions when 
a mixture of both fields is impossible,' he seems to forget that 
the two eyes always act as one, and that it is impossible to tell 
(by ordinary inspection) in which eye a sensation is. One of 
the subjects used in the present research, a man who had 
worked during two years upon binocular rivalry, advises me that 
he is now unable, even after such great practice, to tell in 
which eye the sensation is. It seems probable, in view of other 
experiments noted above, that Dr. Titchener's subjects were in- 
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fluenced to a great extent by suggestion. It has been seen whatfl 
a great part this plays in the duration and in the spatial charac-J 
ter of the after-image ; and it is not unlikely that a similar in-J 
fiuence is felt when looking for an image with an unstimulated^ 
eye- 
To my mind, the only experimental results that might indt-^ 
cate the central seat of the after-image are the well-know 
experiments with suggested after-images. Binet gives thef 
following account of the experiments:' " Wundt has shownl 
that tlie simple image of a color, imagined for a long time, 
gives rise to an after-sensation of the complementary color. 
If one mentally looks fixedly for some lime at a red image, he 
perceives a green tint upon opening the eyes and looking 
ward a white surface. This experiment is difficult to rep< 
for it is necessary to have a power of visualization that nol 
every one has. To take me as an example, I am not even ablfl 
to imagine a color clearly. I am a very mediocre visualizera 
so it is not surprising that I cannot obtain the colored aftei> 
image. But my friend Dr. F6r^ does this readily. He i 
represent to himself a red cross sufficiently intense to see on fl 
piece of paper a green cross following it ; moreover, he sees i 
only the color but the shape." A similar experiment has be 
made with hypnotized subjects. A red cross is suggested a 
then suggested away, and the green after-image noted. In t 
case mentioned by Binet, however, it seems not to have occurrei 
to him that possibly the resultant after-image was suggesto 
just as was the original red cross. The experiment has noti 
been made in a rigidly scientific manner, and is inadequate. IS 
have been unable to get a sufficiently good visualizer who waal 
at the same time naive regarding after-images, and I have nof] 
been able to repeat the experiment with due precautions. 

The case with a full hypnotized subject seems not well a 
thenticated. However if the question of its authenticity 
waived for a moment, the question immediately arises, " Is ths 
after-image the result of seeing the imaginary red cross, or is i 
not in this case also a new suggestion?" The precaution not t 
give such a suggestion seems not to have been taken, and t 

'La Psychologie du Raisonnement. Paris, 1SS6, p. 41. 
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would vitiate the experiment. Even if this precaution were 
taken and the same result found, the central hypothesis would 
not be proven. Other experiments with hypnotized subjects 
would seem to indicate that from suggestion certain tissues 
may be modified so as to leave thereafter a noticeable ef- 
fect. This is true of the experiments in which a blister is 
produced by suggesting the application of some known medium 
which ordinarily will produce such an effect. With such a 
case explained upon purely peripheral grounds, would it not 
seem probable that the eye was also so stimulated when the red 
cross was imagined? 

Delabarre suggests the following experiment, a trial of which 
might aid in giving some negative testimony. Hypnotize a sub- 
ject and suggest a sensation that he may get a good after- 
image. Then by suggestion paralyze the sight of this eye. If 
no after-image is seen in the other eye, it will indicate that there is 
no transfer ; and if an image is presumably seen, " it will merely 
indicate that the paralysis of the right optic nerve has not been 
complete,"' Delabarre's radical statement should have its -will 
toned to may. The result in either case would not decide 
whether the image was central or peripherally transferred. 

An experiment which may indicate a line for investigation 
has been tried by me. I attempted to stimulate only the optic 
nerve and the cerebral visual centers to discover what effect, if' 
any, was left by such stimulation. Electrodes were placed upon 
the head, and when the circuit was closed and broken a vivid 
flash of light was produced. All the experiments gave nega- 
tive results. No after-image was produced. It would be sup- 
posed that, if the image was of central origin, the stimulation 
of the central centers would give such an after-image. In this 
experiment it is not certain that the retina was not stimulated, but 
that the brain center was (either directly by the electricity or by 
the retina, which was in turn stimulated by the electric current). 
It would seem as if an after-image should have been produced 
in either case if the seat was cerebral. 

Another experiment, which gives only a partial and nega- 
tive answer to the question of transfer, has been made by me. 
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That portion of the right eye which corresponds to the blind s 
of the left ej'e was stimulated to see whether there would be an 
apparent transfer. If a transfer (apparent) occurred, it could not 
be accepted as real, since with the corresponding portion of the 
left eye we can see nothing. If no image is apparent on open- 
ing the left eye, we learn nothing new, and neither theory is 
benefited. The fact is, an image appeared upon opening the. 
left eye, and we are left to conclude that the transfer in this 
is apparent and in other cases it is likely to be apparent. 

Such an experiment is of value in that it is a link in the 
evidence tending to exclude one hypothesis. I The image seems 
not to be transferred, but is either central or peripheral. The^ 
central situation seems to me improbable in view of the result! 
of Delabarre's experiments and of the experiment on brai 
stimulation. The changes in the image under objective changes 
in the organ originally stimulated indicate a peripheral seat only 
in the stimulated eyej and the interference with the stimulated 
eye interfering with the progress of the image indicates t 
the after-image is not transferred. 
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Part II. Historical and Descriptive. 



BSection 9. Relation of After-images to Sensation, 
' Imagination and to Memory. — The intimate relation of 
after-images to sensation, to memory and to imagination makes 
the phenomena of great psychological interest. Seeming to be 
the connecting link between sensation and the idea, the study 
of this relation is of considerable epistemological importance. 
The differences between visual after-images and the images 
of the imagination have been thoroughly discussed by Fechner,' 
His conclusions are summarized by James as follows :' 

" Afier-iniages first coercive ; seem uiisubstaiilia.1, vaporous ; are sharp in 
outline : are bright ; ore almost colorless ; are continuously enduring ; cannot be 
volnn tan I7 changed :are exact copies of the originals ; are more easily got wfth 
•but tbaa with open eyes ; seem to move when the beat! or eyes move ; the Geld 
within which they appear (with eyes covered lis dark, contracted, flat, close to 
the eyes and the images have no perspective ; the attention seems directed 
forward toward the sense organ in observing after-images." On the other hand, 
" imaginalion-imagrsteel subject toour spontaneity; have, as it were, more 
body ; are blurred ; are darker than the darkest black or the after-images ; have 
lively coloration ; incessantly disappear and have to be renewed by an eSort 
of the will (at last even this fails to revive them); can be exchanged at will 
for others i cannot violate the necessary laws of appearance of their originals ; 
t. g.. a man cannot be imagined from in front and behind at once ; the imagi' 
nation must walk around him, so to speak ; are more easily had with open tlian 
with shut eyes ; need not follow the movements of head or eyes ; the field ii ex- 
tensive in three dimeusions, and objects can be imagined in it above or behind 
almost as easily as in front ; in imagining, the attention feels as if drawn back- 
wards towards the brain. Finally Fechner speaks of the impossibility of 
attending to both after-images and imagination-images at once,even when they 
are of the same object and might be expected to combine." 

The above account is true only of Fechner himself; he re- 
marks that results from other individuals show certain character- 
istic diflerences. Dr. Lay finds that he agrees with Fechner 
only in the following particulars : the after-images are coercive, 
cannot be voluntarily changed, seem to move with the eyes, and 
the attention is directed fonvard toward the sense organ, 
while the images of the imagination are directly opposite 

' ElemeDte der Psychophysik, II., 468 S. 
'* •Principle* of Psychology, Vol. n., 50, 
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ID these particulars.' Regarding the other differences, it u 
clear whether Dr. Lay disagrees with Fechner regarding the 
characterization of the after-image or of the images of imagt- 
nadon. 
r From the numerous observations of my subjects and myself 
\/ any one of these qualiticadons of the after-image may be contra- 
f dieted. The fact that we do not see an after-image after every 
' visual sensation, the fact that it requires an amount of attention 
. to perceive it, would indicate that the phenomenon is not so 
"^ coercive ^ s Fechner believed. The after-images are not color- 
less ; sometimes they are colored more lively than ordinary 
sensations, and often their color is more intense than that of the 
imagination-images. The images are not continuously endur- 
ing, but have many fluctuations. We have already seen (Part 
I, Sec. 7) that the after-image often has the appearance of 
solidit)-. The probable reason for the usual t^vo-dimensional 
character lies in the fact that nearly all objects bright enough 
to produce after-images are of two dimensions only. The 
colored paper, the window panes, the gas flame, etc., are 
plane surfaces and in the sensation the effect of soliditj- is not 
gotten directly from these, but rather from their surroundings, 
which usually have not the requisite intensity for the production 
of after-images. To Fechner's differences it maj- be added th. 
the after-image is sharp and clear only if verj' near the point o 
fixation, while the imagination-image may be a clear repres 
tatioD of a scene all of which could not be noted by the eye i 
one time. James adds as a universal proposition that the a 
images seem larger if we project them on a distant screen, 
smaller if we project them on a near one, while no such chang 
takes place in mental pictures.* 

The name of memorj--after-image is given by Fechner I 
I the instantaneous positive effects of sensation.* These imagi 
1 are distinguished from ordinarj' after-images by the foUowin] 
' characteristics : (i) Their originals must have been attended I 



' W. Laj, Mental Imagery 
ckologicat Reviea, iSqS, 

• Principles of Psychologj. p- S'l note. 

* ElemcDte dcr Psjchophysik, II. p. 491 fi. 
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only such parts of the compared originals as have been attended 
to appearing : this is not the case in common visual after- 
images. (2) The strain of attention toward them is inward, as 
in ordinary remembering; not outward, as in observing an or- 
dinary after-image. {3) A short fixation of the original is better 
for the memory-after-image ; a long one for the ordinary after- 
image, {4) The colors of the memory-after-image are never 
complementary of those of the original. It is difficult to state 
the relation between the memory-after-image and the memory- 
image, but the two seem almost equally difterent from the true 
after-image. Many memorj-after-images have an overpower- 
ingly coercive quality. Examples of this are numerous. A 
revolting scene will often leave a lasting memory-image. The 
sight of some one drowning or a railway accident will remain 
in the mind for weeks ; the details will appear in consciousness 
unexpectedly, and will overpower us as did the originals. But 
the effect is not produced so often with the visual as with the 
auditory memory-after-images. The snatches of melody that 
one bears continually in tlie mind's ear after a concert, or the 
popular tunes that often rise in consciousness and compel us to 
hum them over and over again, have a coercive quality un- 
paralleled in the phenomena of after-images. 

In many ways the after-images can be considered a true sen- \ 
sation. One of the chief sensational conditions is present, viz., 
a change in the sense organ; and many of the more mental 
conditions of the sensation are equalled. At times it is impossi- 
ble to say whether it is an after-image or a sensation that is in 
consciousness. A friend relates that his child, who had looked 
at the sun and then turned around, tried to point out to a sister 
the second sun (('. e., the after-image, which was rca/ to liim). 
Older people sometimes make the same mistake, and correct the 
error only from later observations. Such an uncertainty is due 
primarily to a wonderful clearness of outline, brightness of color 
and great intensitj' of the after-image. To these differences 
Sully' adds " definiteness of localization (either in the field of 
objects if the eyes are open, or in the dark field if they are 
shut)." Such conditions are not often produced in one's daily 

iTbe Hnmui Mind, I., p. 17S. 
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life, but may be obtained by suitable experiment. On the other 
hand, the moving of the after-image with the eye, its fluctua- 
tions, its negative quality, its (usually) plane character, and the , 
fact that it is not doubled by lateral pressure upon the eyeball, ■ 
differentiate the after-image from a sensation. 



Section io. History.' — The phenomena variously known J 
as after-images, recurrent-images and ocular spectra (Gei 
nachbilder; Fr, couleurs accidcnteilcs, persistence des i 
jtressions) seem to have been noted first by Aristotle. He I 
compared the images of the dream state to them, and speaks of I 
them as if they were familar to his audience. The account is J 
as follows : 



is evident that when \ 






inything for a loDg time, and tbea 
turn ftway our eyes, the sensation continues ; just, for example, as when we 
look at something dark after having looked at tbe sun, it happens that on ac- 
count of the force from the tight stilt remaining in our eyes we see nothing 
(i. e., of the shaded object). And if, afier having looked at a color for a long 1 
time we turn awaj our eyes, this same thing happens ; and if we should turn rf 
away our eyes after having looked at the sun or some other bright object, it] 
Itappens that the eye sees first tbe same color, this color then changes to r ' 
then to purple, and after tiecoming black disappears." ' 

Later the after-image is mentioned by St. Augustine, aa 
by the Arab Alhazin, who was probably attracted to their study] 
from reading Aristotle's works. 

In the seventeenth century (according to Helmholtz, inV 
1634) Peiresc "obser\'ed 1000 times that when he had looked.] 
upon the window distinguished with wooden bars and squareal 
of paper, he carried the form thereof some time after in \ 
eyes ; but with this difference, that if he kept his eyes shut, hc^ 
seemed to behold the bars dark, and the paper squares whiteJ 
as he had at first seen them ; but if he looked with his eyei 
I upon a dark wall, then the paper squares seemed dark, and t 
I bars of the same whiteness with the wall."' 

Kircher, Mariotte, Boyle, Fabri, in the succeeding centun 



' A short historical i&iomi will be found i 

ufl., pp. 836-837. 

'DeSomniis. 

■Life of Peirecc. London, 1657, Book rv'., p 
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made slight additions to our knowledge regarding the appear- 
ances. Newton's account of his memorable after-image (see 
Part I., Sec. 4, p. 37) was sent to Locke about this time. In it 
he seems to be the first after Aristotle to call attention to their 
intimate relation to the more (so-called) mental images. 

Buffon' in 1743 related his experience with after-images 
projected on differently colored backgrounds. He found that 
the image fused witli the background, and formed a color which 
was a combination of the true color of Uie after-image and 
that of the background. On account of the variety of the 
phenomena and because he was unable to account for all the 
appearances, Buffon called the after-images '■ couleurs acci- 
denleUes.' These experiences of Buffon were later confirmed 
by Gergonne, who made a number of new experiments similar 
in character. 

The first theory after Aristotle's (^continuation of the 
stimulus) was that of Jurin (1758?). Apparently considering 
only the negative phases, he regarded the after-image as due 
to a process in the retina the reverse of what went on in normal - 
sensation. In expression this view is strikingly Ijke some most 
recent ones, although Jurin had not the same ideas as the more 
modern writers. 

Scher£fer'(i76i), noting the negative images on a light back- 
ground, supposed the phenomena to be caused by a temporary 
loss of sensibility of the retina for one color. He thought that 
the eye, having undergone a prolonged action from rays of a 
certain color, lost momentarily its sensibility for a weaker 
stimulus of rays of that color. Thus, on looking at white the 
eye is stimulated by rays of light of different color — red, green, 
blue, etc., and the retina recombines these into white. Now, 
after having looked for a time at red, the retina becomes fa- 
tigued for rays of that color, and when a white object is then 
fixated the various rays composing white are seen with the 
exception of the red, thus producing a bluish-green image. 

■M^moires de TAcad. dei ScienccB de FbHe, 1743, p. 113. 
■BsMjon Dlitinctand IndUtlnct VUion, p. 17a ff, of Smith's Optiu, Cam- 
bridge, 1738- 

■DiiKrUtion Bur lea couleurs Bccldentelles;/0«r. <fe Pi^jt^we, XXVI., 1785. 
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Plateau' conclusively shows that this theory is inadequate in that 
it does not account for the negative after-images which are seen 
perfectly in most complete darkness. A later theory proposed 
by Scherffer was that the after-image is due to a prolongation 
of a feebler stimulation produced by rays different from the 
dominant color. For example, in looking at a red square we 
see not only red light, but also some blue and green light, and 
when the red is taken away the blue and green, which have 
not been too intense to overpower the eye, continue to be seen, 
thus producing the after-image. Were this true, it would be an 
example of a lesser light having a greater effect than one of 
great intensity. 

De Godart" is responsible for two (so-called) theories. The 
first of these is a very fanciful one. Arranging the colors 
like the tones in a musical scale (black, blue, green, red, yellow, 
white), hebelieved that the direct continuation of a sensation was 
as much lower than white as the sensation was higher than 
black. A sympathetic action was set up in the retina just as 
sympathetic tones are noted on a musical instrument. " Such a 
theory." Plateau remarks, " scarcely needs refutation," The 
other theory of De Godart is as follows : 

Voki unc autre thSorie de ces phinomfineB: c'est de dire tout uoimeot qn'nnc 
fibre ^branlee par un objet reste incapable dc donner la sensation d'un antr^ 
auasi longtemps qa'elle conaerver I'impression du premier, et qne tes difF^rentea 
coulenrs ftost experimfes par des portion d'UDe m^me fibre d'autant plus, 
coiirtcs qne le ton de ta coulear est plus vif, c'eat la partie qui n , a pas jon6 qui 
excite par le blanc a le faire, dotine la coulear accidentellc* 

This seems to be only a badly conceived, a poorly expressed 
theory of insensibility like that proposed by Schaeffer; and 
coming, as it does, without elaboration toward the close of his 
paper, it seems to indicate that the hypothesis is not well con- 
sidered by the author. 

Darwin* (R. W.), having considered all the known facts, 

' Essoi d'une Th^orie g^n^rale comprenant Tenscmble des npparencc* visueU 
leB qui Guccedent a la co n tern plal ion des objets coler^a. '* * * la pereiiitance I 
dea impressions de la Rdtine, ies couleurs ace i den te lien, etc. ; Ann, dt Ckimie tt 
dtPkysiqae, LVIII., 337-^. 1835. 

*Jot,r de Fiysiqui, VIII., 1776. 

*Ibid. 

* R. W. Darwin, New Experiments on Ocular^Spectra of Light and Colour* ; 
Phitot. Trans., LXXVI., 313-348, 1786. Also found in E. Darwin's Zoonomla, J 
4 Am. Edit., 1818, Vol. I., p. 443-466. See also Vol. I., p. 10 ff. 
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I attempted to group them into four classes: (i) Images owing 
to a less sensibility of a defined part of the retina. (2) Images 
owing to a greater sensibility of a defined part of the retina. 
(3) Images that resemble their object in color as well as 
form. (4) Images that are of a color contrary to that 
of their object. From the consideration of these different 
facts, he was led to believe that a part of the retina became fa- 
tigued by a color and became insensible to rays of that color, 
and that this part of the retina then took up a mode of action 
opposite to that which produced the sensation. The details of 
this theory are interesting in view of what is at present known of 
the retina's action. He says "the effect of the activity of the 
retina may be to alter its thickness or thinneas, so as better to 
reflect or transmit the colours which stimulate it into action."' 
Possibly "the muscular actions of the retina constitute the 
sensation of lights and colours ; and the voluntary repetitions of 
them, when the object is withdrawn, constitute our memory of 

I them.'" 

Contrast was used as an explanation by C. A, Prieur (or 
Prieur de la C6te d'Or. [Fechner]). Numerous observ-ations 
were made in the succeeding years, but they were only slight 
variations from the previous work. They are unimportant. 

In 1835, Brewster^ discussed the various color-changes, and 
concluded that the primary color and the color of the after-image 
existed in the retina simultaneously, in the same manner as a 
fundamental tone and its harmonic. After the primary light 
has ceased the color of the after-image continues. This is al- 
most identical with the first theory of de Godard. In construct- 
ing his theory Brewster seems to rely greatly upon the various 
phenomena of simultaneous contrasts, considering these as repre- 
sentatives of the after-image process- 
Having considered the inadequacy of each of the foregoing 
theories from Jurin to Brewster, Plateau* made a careful ex- 



'Piiloi. Tram., LXXVI., p. 348. 

•In Edinburgh EncTclopedU, Vol. I., arlJcle Accidttifal Colours. Also 
PhilM. Mag., IV.. 354, 183+. 

'Ann. dt Ciimi0 tt dt Physique, LVIII., 337-406. 
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amination of all the known facts preparatory to constructing a 
new theory. His theory, which follows, is partly a combination 
of the ideas of his predecessors, particularly those of Jurin and 
Darwin, He says, "we must conclude that the accidental 
image results from a particular modification of the organ, which 
spontaneously gives us a new sensation." "When the retina"^ 
has undergone the action of rays of a certain color, it resists / 
the action of that color and tends to regain its normal state with?] 
a force more and more intense. Then if the excitation 13 sud- yM 
denly removed, it returns to its normal state by an oscillatory 
movement as much more intense as the action has been pro- 
longed." The first primary image, which he considered a pro- 
longation of the stimulus, was noted by him, and he concludes 
" that when the retina, after having been excited for some time 
by the presence of a colored object, is suddenly removed from 
this excitation, the sensation produced by the object continues 
to exist for a very short time, after which the retina spon- 
taneously takes on- a state opposite to the first, whence there 
results the sensation of the accidental color. 

Dove, Scoresby, Grove, Seguin, Briicke and Aubert noted 
the after-images of movHng objects, and the appearance and 1 
reappearance of the images under increased and decreased eye 
illumination. Brucke and Aubert noticed the after-images re- 
sultant from instantaneous illumination by the electric spark. 

Fechner, who lost his eyesight mainly because of his long- 
continued study of after-images from very bright lights, pro- 
posed the theory which has usually been associated with the 
name of HeUnholtz, viz., that the positive phase of the image ' 
is a continuation of the stimulus, and the negative and comple- 
mentary phases are due to retinal exhaustion. This hypothesis 
is the one accepted by Wundt. The theorj' ia inadequate 
because it does not account for an after-image whose course 
(fluctuation) is as follows: Pos., neg., neg., pos., pes., neg., 
neg., neg., etc. 

Hering regards the positive after-image as a continuation of 
the stimulus, and the negative phases as reactions of the visual 
elements to a state of equilibrium, the ' assimilation or dtssimi- , 
lation in some of the visual substances.' The theorj' of light 1 
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sensation proposed by Mrs. Franklin would account for the phe- '^ 
nomena in approximately the same manner. It will be noticed 
that both these theories are in terms, though not wholly in sense, 
the same as Darwin's. 

Acceptingthe general theoretical position of the Young-Helm- 
holtz h}'pothesis of color vision, Bidwell would account for the 
phenomena as due to a ' reaction of the violet nerve fibers 
only." Four reasons are given for this view; " (r) With 
' white light the recurrent colour is violet. (2) In the recurrent 
spectrum of the complete spectrum no colour but violet can be 
detected. (3) A pure red light, however intense, gives no re- 
current image. " * * (4} The apparentiy blue colour of the 
ghost of simple spectrum yellow is just as well produced by a 
compound yellow consisting of green and red, the latter of 
which is inert when tested separately." It should be remarked, 
however, that some of these observations have been disputed, 
and there is always danger of accepting a theory which is 
proved by experiments devised after the acceptance of the 
theory. 

It is to be regretted that all these theories have made littie 
addition to our knowledge regarding the phenomena. Except 
the work mentioned in Part I., not very much has been learned 
regarding the conscious after-images since Fechner's time. 
The mixing of colors by means of discs and the summation 
effects of intermittent retinal excitation, have largely been con- 
sidered during this time, but in a historical account of the ap- 
pearances, these investigations have littie place. 

'On the Recurrent Imsge follotrlng Visual Impreisions ; Proe. Roy. Sic, 
LVT., 140, 1894. 
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